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Abstract:  
Collaborative Computer-Supported Argument Visualization (CCSAV) has often been 
proposed as an alternative over more conventional, mainstream platforms for online 
discussion (e.g. online forums and wikis). CCSAV tools require users to contribute to the 
creation of a joint artifact (argument map) instead of contributing to a conversation. In this 
paper we assess empirically the effects of this fundamental design choice and show that the 
absence of conversational affordances and socially salient information in representation-
centric tools is detrimental to the users’ collaboration experience. We report empirical findings 
from a study in which subjects using different collaborative platforms (a forum, an 
argumentation platform, and a socially-augmented argumentation tool) were asked to discuss 
and predict the price of a commodity. By comparing users’ experience across several metrics 
we found evidence that the collaborative performance decreases gradually when we remove 
conversational interaction and other types of socially salient information. We interpret these 
findings through theories developed in conversational analysis (common ground theory) and 
communities of practice and discuss design implications. In particular we propose balancing 
the trade off between knowledge reification and participation in representation-centric tools 
with the provision of social feedback and functionalities supporting meaning negotiation.  
Keywords: online conversations, online collaboration, knowledge representation, Debate 
Dashboard, Argument Mapping Tool, common ground. 
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Introduction 
The most popular collaborative web-based tools such as forums, blogs and wikis are very 
effective in fostering information sharing and collaboration among many distributed 
participants through online large-scale conversations. However they suffer from several 
shortcomings when it comes to support online debate, with typical concerns being related to 
the quality and redundancy of user-generated content (Gurkan, Iandoli, Klein & Zollo, 2010; 
Kittur, Suh, Pendleton & Chi, 2007; Klein, 2012; Viegas, Wattenberg, Van Ham, Kriss & 
McKeon, 2004), inability to limit the effects of collective irrationality (Sunstein, 2005; 
Sunstein, 2006), and to generate knowledge representations that can be easily re-used, e.g. for 
subsequent expansion, or amendment (Conklin, 2006).  
In order to address some of these issues, new online collaborative technologies have been 
developed for geographically dispersed users to build explicit and reusable shared knowledge 
representations. In particular, in this paper, we focus on collaborative computer-supported 
argument visualization (henceforth CCSAV) (Kirschner, Buckingham Shum & Carr, 2003; 
Okada & Buckingham Shum, 2008). CCSAV platforms aim at helping users in the 
identification and structuring of complex issues through the collaborative construction of 
argument maps. An argument map is a visual representation of the structure of an issue in 
informal logic (Walton, 1996) in which the elements of an argument are displayed in trees or 
networks, whose nodes and links represent, respectively, the different constituents of an 
argument (such as issues, claims, premises, evidence) and the argumentative relationships 
among them (support, attack, warrant, etc.). 
Argumentation platforms, by design, foster a representation-centric collaboration process in 
which the collective effort is channeled toward the creation of a shared map and interaction is 
constrained within the boundaries of the adopted representation formalism. In argument maps 
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knowledge organization follows the logic of argumentation and content is positioned across 
the map based on its argumentative relevance; as a consequence the timeline determined by 
the turn-taking, reply structure that is typical of ordinary conversations is deliberately 
suppressed.  
In this paper we assess the impact of this design choice on online collaboration; in particular, 
we report empirical evidence from a controlled experiment in which we compared the 
collaborative process and outcomes generated by different online groups using three online 
collaboration technologies: an online forum, an hybrid ‘socially augmented’ CCSAV tool, a 
plain CCSAV tool. The online groups were set to the same task that consisted in discussing 
about the likely price trend of a commodity in the short term. The participants in each 
condition were asked to rate the perceived quality of the collaboration process and make an 
individual prediction after the discussion was over.  
Our findings show that representation-centric platforms affects negatively users’ collaborative 
experience and provide evidence of a tradeoff between representational advantages and 
meaningful social participation as measured through a set of collaboration metrics including 
mutual understanding, perceived effectiveness of collaboration, perceived ease of use, and 
quality of individual decision.  
In the next section, we offer a more detailed comparison between conversation and 
representation centric tools and discuss their strengths and weaknesses in online debates. We 
then describe our theoretical framework based on studies in conversational analysis (Common 
Ground theory, Clark & Brennan, 1991) and Communities of practices (Wenger, 1998). 
Finally, we present the design and discuss the results of the empirical study. 
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2. Current web-based technologies for collective deliberation 
Nowadays several web-based tools such as forums, wikis, microblogs, etc. offer easy ways to 
support affordable and fast collection of users-generated content through asynchronous, large-
scale, distributed conversations. de Moor and Aakhus (2006) label these platforms sharing 
tools as opposed to collective mapping tools and analyze their points of strengths and 
limitations with respect to their ability to support online debate on potentially controversial 
issues. In this paper we will refer to them as conversation-centric tools as opposed to 
representation-centric collaborative platforms. 
Conversation-centric tools are web-based tools that allow people to share knowledge among 
many dispersed users through multiple-voices conversations. The most commonly used web-
based tools in this category are wikis, forums, blogs, and more recently micro-blogs and other 
social media. 
Although such tools have been remarkably successful at enabling a global explosion of ideas 
and knowledge sharing, they face serious shortcomings when used to support debate.  
First, conversations often incur in edit “wars” or flamed debates on controversial topics 
(Klein, 2010; Lee, 2005).  Second, content is captured in an unstructured and unsystematic 
fashion, and as a result it may be scattered, redundant and of arguable quality (Klein, 2010). 
Filtering for relevant contributions is difficult and time consuming because content is often 
duplicated and highly fragmented. Unsystematic coverage of a topic makes hard to 
understand which debate areas are well explored and which would deserve further 
examination. Questionable quality and irrelevance are responsible for low signal to noise ratio 
in online conversations. Finally, there is no intrinsic mechanism to support critical thinking 
and valid argumentation.  
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Representation-centric tools are designed to support structured interaction and creation of 
shared knowledge artefacts and should be less prone to the inefficiencies that characterize 
conversations. Some examples of representation-centric tools include: Mind maps (Buzan, 
1979), Concept maps (Novak & Gowin, 1984), Issue Maps (Kuntz & Rittel, 1970) and 
Argument maps (Wingmore, 1913). 
Collaborative Argument Mapping platforms help participants to represent a discussion as a 
visual maps composed of a set of issues to be answered, alternative solutions (positions or 
ideas), and pro or con arguments associated to the proposed ideas. The debate is summarized 
into a visual map connecting Issues, Positions and Arguments through labelled links such as 
supports, objects-to, refer-to, etc.  
Diverse rational motivations and expectations can be offered to justify the use of these tools to 
support online debate.  
Argument maps work as a sort of group memory and they support better exploration of the 
problem space (Okada & Buckingham Shum, 2008), provide representational guidance 
(Suthers, Vatrapu, Medina, Joseph &Dwyer, 2008) and rational organizations of contents 
(Gurkan, Iandoli, Klein & Zollo, 2010), support collective sense-making and shared cognition 
(Conklin, 2003), or dialectics and critical confrontation of opposite points of views 
(Yearwood & Stranieri, 2006).  
CCSAV are supposed to overcome some of the typical dysfunctions of current web-based 
collaborative tools (i.e. forums), such as redundancy, lack of navigability, scattered content 
and inability to generate formal knowledge representations (Klein, 2010). Argument-based 
platforms are also designed to encourage criticisms and comparison of diverse, alternative 
points of view (Carr, 2003; Yearwood & Stranieri, 2006), to stimulate critical thinking 
(Twardy, 2004; van Gelder, 2007) and evidence-based reasoning (Carr, 2003).  
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Notwithstanding the expected or actual advantages, argumentation technology, as well as 
many other tools aimed at making online interaction more structured and “rational”, seems to 
struggle to reach widespread diffusion both in organizations and online communities. We 
argue that CCSAV designers have underestimated important social and communication factors 
that help to make users’ experience more engaging and their interaction more socially salient. 
As evidence to this, there is a lack of studies in CCSAV literature on the assessment of the 
ability of these tools to mediate interaction effectively, and the majority of works in this area 
are focused on knowledge representation (e.g. search for adequate argument ontologies, 
Suthers, 2001; Suthers, 2003) or on the impact of CCSAV on cognitive performances in a 
variety of tasks and settings including online learning (Nowak & Gowin, 1984; Suthers et al., 
2001; Suthers & Hundhausen, 2001; Suthers, Vatrapu, Medina, Joseph & Dwyer., 2008), 
problem solving (Cho & Johnassen, 2002), and decision making (Karakapilidis & Papadias, 
2001; Karakapilidis & Tzagarakis, 2007; Karakapilidis et al., 2009). 
Some of the critiques to conversation centric tools and the advantages associated to 
representation centric tools are founded on an idealized view of collective deliberation and 
deliberative democracy, which has its roots in Habermas’s theory of communicative action 
(Habermas, 1981): according to such perhaps hyper-rational view, deliberation processes 
should be cleaned up to get rid of all the noise generated by a process that in the real world 
often entails confrontation, antagonism, rhetoric rather than logic-based and manipulative 
argumentation strategies, as well as complex and articulated social dynamics needed to 
achieve consensus. Not only many of the existing deliberation software platforms do not keep 
into account this complexity, but they are designed with the deliberate intent to suppress it. In 
this paper, instead, we argue that at least some of these processes should be seconded; in 
particular our focus is on the comparison between the collaborative dynamics enabled by 
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conversational interaction and those that are possibly triggered when the coordination of 
collective action is achieved through a visual device that is supposed to capture collective 
knowledge. 
Despite the richness and abundance of CCSAV studies, we argue that a critical and not 
adequately investigated issue in this literature is the use of communication formats that may 
be too constraining and disruptive of smooth users’ interaction.  
Indeed, the proficient use of argument mapping tools requires a steep learning curve that can 
be overcome only through a regular and prolonged amount of practice and training (Twardy, 
2004). Argument-based graphical representations can be felt as unnatural and unintuitive 
compared to other possible ways of coordinating interaction based on the time-based, turn 
taking structure of conversations (Wikes-Gibb & Clark, 1992). CCSAV tools prioritize formal 
representation of contents and doing so they disrupt by design the temporal flow and the 
conversational reply structure that users are familiar with, thus making collaboration more 
awkward. 
While CCSAV are designed to support the construction of rational and reusable knowledge 
outputs, more empirical analysis is needed to assess whether they have a dysfunctional impact 
on the collaboration process. In the following section we provide further theoretical 
justifications for this hypothesis drawing from influential contributions advanced in the 
literature on communities of practice and conversational analysis. 
3. Theoretical framework 
3.1 The duality of collaborative knowledge creation process: participation versus 
reification  
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According to Wenger (1998), knowledge creation in communities of practices requires the 
interaction of two mutually reinforcing processes: participation and reification. Participation 
refers to the process of being an active part of some types of ongoing collective action, by 
interacting with other members and sharing ideas and information, but also goals, resources, 
means for actions and workload. Reification refers to creating a collective output by 
embodying collective knowledge and experience into shared artifacts. Through reification 
concepts and ideas are objectified into something that can be seen, used, operated or 
manipulated by other participants for various purposes (communication, understanding, 
learning, negotiation, etc.). Examples of reification are bylaws, organizational charts, 
contracts, and quality manuals.  
Participation and reification are mutually reinforcing and must be properly balanced (Wenger, 
1998): if participation prevails, interaction will not lead to the creation of shared artifacts and 
participants will feel frustrated and perceive the process as sterile; if reification prevails, hard 
objectification of knowledge will hinder collective action by preventing revisions and re-
elaboration, thus ultimately suffocating participation. For instance, a brainstorming session 
will be perceived as more successful if it will help participants to come up with a plan, a to-do 
list or any other documentable output containing actionable knowledge representing the 
group’s contribution to address a given problem. 
By using technologies such as forums or wikis, people can participate to a conversation, 
interact, and share information. Interaction could lead to the creation of collaborative 
knowledge artifacts, such as texts, pieces of software codes, and new designs. The creation of 
such knowledge objects will affect the subsequent interaction that will consequently become 
more focused and object-oriented.  
Page 9 of 47
John Wiley & Sons, Inc.
JASIST
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
 10
Following Wenger (1998), conversational tools, such as online forums and blogs, privilege 
participation over knowledge reification. Representation centric tools, including CCSAV 
platforms, emphasize instead the creation of knowledge objects and keep participation on the 
background, assuming that it will not be significantly affected by map-centric interaction. We 
critically re-examine this assumption in the next section, in which we assess CCSAV as a 
form of mediated communication.  
3.2 The costs of mediating interaction: the Common Ground Theory 
Clark and Brennan (1991) claim that in a conversation participants do not only exchange 
content, but also different types of feedback, delivered through verbal and nonverbal 
communication. Participants rely on such feedback to collect and offer evidence that they 
understand each other; once this evidence is available, they can update the amount of mutual 
knowledge that they presume to share. The joint process of construction of this mutual 
knowledge is called grounding; the cumulative stock of mutual knowledge is referred to as 
common ground. For example, a speaker perceives simple gestures such as nodding or eye 
contact on the part of the listener as signs that the other person is engaged and is getting the 
message; on the contrary, raised eyebrows or a direct inquiry through which the listener asks 
explicitly for clarification are evidence that the communication problematic. 
According to Clark and Brennan (1991), common ground is a necessary condition for a 
conversation to proceed and the accumulation of mutual knowledge leads to more 
straightforward, efficient, and convenient communication, which facilitates coordination, and 
collaboration (Convertino, Ganoe, Schafer, Yost & Carroll, 2005). 
When conversations are mediated by a technology, part of the feedback readily available in a 
face-to-face setting is either missing or must be provided with some extra effort. For example, 
in face-to-face conversations, people can use facial and body expression to manifest 
Page 10 of 47
John Wiley & Sons, Inc.
JASIST
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
 11 
agreement, while in computer-mediated conversations participants should provide the same 
information by using different techniques, such as emoticons or other types of conventional 
etiquette.  
As predicted by the Common Ground theory (Clark and Brennan, 1991), mediated 
communication is always less efficient than face-to-face interaction because the latter entails 
higher grounding costs. One consequence of the theory is that the use of a mediating 
technology should be encouraged only to the extent that the benefits achievable through 
mediated communication significantly offset the grounding costs that participants have to 
bear.  
Grounding costs can be estimated on the base of the affordances that are available in a given 
medium (Clark & Brennan, 1991; Kraut, Fussell, Brennan & Siegel, 2002). While these 
affordances (table 1) are readily available in face-to-face conversations, in mediated 
communication they may be partly missing; the higher the number of such affordances, the 
more efficient the interaction will be because participants will not need to compensate for the 
missing feedback. In the second column of table 1, we adapt the original definitions provided 
by Clark et al. to web-mediated conversations. 
“Insert Table #1” 
It is easy to check that in CCSAV-mediated interaction the overall grounding cost is very high 
because up to eight out of ten of the conversational affordances that help users to develop 
common ground are missing, namely: co-presence, audibility, visibility, tangibility, mobility, 
co-temporality, simultaneity and sequentiality. In online forum conversations, more 
affordances are instead available, which can explain why this medium is highly popular and 
widespread. For instance, the reply structure that is visible in forums helps to support 
sequentiality and co-temporaility; also, the engagement of participants into conversational 
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turns makes visible the conversational acts performed by other participants. Most importantly, 
by using the reply structure participants can provide immediate feedback or ask for it, for 
instance through questions. None of these actions are supported by CCSAV tools, which can 
make their users’ experience awkward and impersonal. The lack of conversational and social 
feedback creates a need for additional external aids, such as facilitators (Gurkan, Iandoli, 
Klein & Zollo, 2010) or organizational sponsorship and cheerleading (Conklin, 2006) to 
support adoption and improve participation. 
In order to evaluate the amount of grounding cost in CCSAV-mediated collaboration, we 
developed a new argument mapping tool that is able to offer the traditional argument mapping 
functionalities along with others aimed at increasing the level of social engagement of the 
participants: the Debate Dashboard (Iandoli, Quinto, De Liddo & Buckingham Shum, 2014). 
Debate Dashboard is a socially-augmented platform able to deliver several types of social and 
conversational feedback through a set of visual add-ons built upon an underlying 
argumentation tool (Cohere, Buckingham Shum, 2008) to help participants to build a common 
ground as suggested by Clark and Brennan theory. 
The aim of this work is to assess empirically whether and to which extent missing 
communication affordances due to the use of argumentation formalism may hinder interaction 
and reduce CCSAV capability to mediate interaction. Following the grounding cost theory, we 
compare the collaborative performances of three different technologies used for a same 
problem solving task: i) online forum, ii) socially augmented CCSAV tool (Debate 
Dashboard) and iii) plain argument mapping tool (Cohere). We hypothesize that such tools 
can be positioned along a continuum whose extremes are the online forum and the plain 
argument-mapping tool.  
4. Research hypotheses  
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We ran an experiment with 95 subjects assigned to three groups.  The subjects were students 
in two classes from an undergraduate program in Engineering Management, age 19-22, 57% 
male. The participants were required to discuss the price trend of given commodities using 
three different collaboration platforms: online forum, Debate Dashboard, and an argument 
mapping tool. All subjects were eventually required to make an individual prediction about 
the price trend of a commodity in the short term after the discussion was over. 
The aim of the test was to evaluate whether representation-centric collaborative platforms affect 
the collaboration process and outcomes. We compared the three technologies with respect to a 
number of constructs:  
a) Mutual understanding (MU), as defined in the common ground theory; 
b) Perceived effectiveness of collaboration (PEC), i.e. the degree of users’ satisfaction about 
the collaborative experience; 
c) Perceived ease of use (PEU) of the platform. 
Finally, we measured the accuracy of individual predictions by comparing subjects’ post 
discussion estimates with the actual market values in the following quarter. 
4.1 Mutual Understating and Perceived Effectiveness of Collaboration 
Following Wenger (1998), the three platforms (Online Forum, Debate Dashboard and Argument 
mapping) are characterized by increasing degree of knowledge objectification. Since 
representation centric tools have less affordances to support common ground building then we 
hypothesize that constructs such as mutual understanding and perceived effectiveness of 
collaboration will be higher in the online forum condition and will progressively decrease 
moving toward representation centric tools in the following order: i) online forum; ii) socially 
augmented CCSAV (Debate Dashboard); iii) plain CSAV platform. 
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More specifically, we will test the following hypotheses: 
H1: MU will be higher in the online forum situation, more specifically: 
H1a: users of the online forum will achieve higher level of MU than users of the socially 
augmented CCSAV. 
H1b: users of the users of the socially augmented CCSAV will achieve higher level of 
MU than users of the plain CCSAV. 
H2: PEC will be higher in the online forum; more specifically: 
H2a: users of the online forum will achieve higher level of PEC than users of the 
socially augmented CCSAV. 
H2b: users of the socially augmented CCSAV will achieve higher level of PEC than 
users of the plain CCSAV. 
4.2. Perceived ease of use 
Forums are very popular platforms which Internet users are typically familiar with. They 
support the reply structure of conversations and are easy to use. We expect instead that the 
combination of novelty and the use of argumentation formalism in mapping tools will have a 
negative impact on perceived ease of use. However, we expect that the Debate Dashboard 
could do better than the plain CCSAV platform in terms of perceived ease of use because 
social translucence (Erickson & Kellogg, 2002) favored by social augmentation should 
facilitate users’ interaction and engagement. So, we hypothesize that: 
H3: PEU will be higher in the forum condition; more specifically: 
H3a: the users of the online forum will achieve higher level of PEU than users of the 
socially augmented CCSAV. 
H3b: the users of the socially augmented CCSAV will achieve higher level of PEU than 
the users of the plain CCSAV. 
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4.3 Accuracy of Prediction 
In addition to the impact of the platforms on the collaborative experience, we wanted to assess 
whether the use of a specific type of tool had also an effect on the ability of its users to make 
more informed individual guesses after participating to the discussion. 
The common ground theory does not provide straightforward implications in terms of the 
relationship between grounding cost and quality of the outcomes of the interaction. In fact, the 
link between how users experience the collaboration process and the quality of outcomes of the 
collaboration appears to be unclear. For instance, there is an abundant literature on group 
decision-making offering empirical evidence of group failures in face-to-face situations such as 
meetings and committees (for a review see Sunstein, 2006). In everyday life, individuals 
frequently experience that conversations may have very different outputs, ranging from great 
insights, to decision-making failures and pure waste of time, and that enjoying a conversation 
does not necessarily entail having a productive one.  
On the other hand online collaboration removes or at least weakens some of the factors that can 
be responsible for group decision-making failures: persistence of contents, asynchronous 
interaction, and possibility of anonymity ensuring limited and “safe” personal confrontation 
may help participants to be more reflexive and task-oriented, thus weakening some of the social 
dynamics that can lead a group astray. One may expect that this type of support is even stronger 
when interaction is mediated by an argument mapping tool, because CCSAV platforms are 
supposed to help users in locating relevant knowledge faster and allow for the representation of 
conflicting points of view (Klein, 2010), and foster critical thinking and dialectical inquiry in 
the community (Grasso, Cawsey & Jones, 2000; Mercier & Sperber, 2009; Stranieri, 
Zeleznikow & Yearwood, 2001). On the other hand, the presence of higher grounding costs in 
representation centric tools may make collaboration more awkward, which in turn may reduce 
participants’ engagement and their ability to contribute and access to a shared knowledge base.  
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Given the problematic nature of the relationship between the quality of the collaborative 
process, the adopted type of knowledge representation, and the interplay between the way the 
interaction process is constrained and what a collective is able to produce as a result of this 
interaction, we do not advance specific hypotheses about the impact of the different platforms 
on the quality of decision. We simply measured the accuracy of the post debate individual 
prediction of the price, compared with the actual market data. The measure was elicited through 
the following question: “what do you think will be the price trend of the commodity three 
months from now?”.  
5. Method 
5.1 Study design 
Since the objective of this study was to compare the users’ performance of three different 
platforms in a same task, we adopted a between-subjects 3 x 1 experimental design.  
Following Van de Braak et al. (2006), in order to avoid undesirable influence of pre-existing 
differences between subjects we performed a random assignment of subjects to the three 
conditions and performed a statistical test to check that the groups were not significantly 
different with respect to demographics (gender, age) and academic performance; the results 
showed that the differences between the three groups were not significant [F(2, 162)=1.210 , 
p>.05]. 
5.2 Participants and Task 
165 subjects were initially recruited for the empirical study. All subjects were undergraduate 
students belonging to two different classes of a same course in Economics (Micro and macro 
economics), age 19-22, 57% male; participation was compensated with extra credits. 
Eventually only 95 students completed all the activities (the majority of those who dropped 
did so before the start of experiment, because of technical difficulties in the installation of a 
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Virtual Machine needed to monitor the navigation sessions or for personal reasons). Finally, 
the three groups were so composed: 34 in group A (online forum), 25 participants in group B 
(socially augmented CCSAV - Debate Dashboard), and 36 subjects in group C (plain 
argument mapping tool - Cohere). A fourth group performed the same task in a face-to-face 
discussion but this further data was not used in the analysis. 
Due to the higher number of defections, we rechecked that the three groups still were not 
significantly different in terms of demographic and academic performance, which turned out to 
be the case [F(2, 91) = 1.108, p>.05]. 
The subjects were asked to discuss about what would be the future price of a given 
commodity in the short term (three months from the end of the discussion) and make an 
individual forecast of its price after the discussion was closed. 
We used the following criteria for the determination of the type of task:  
o Realism and information richness: participants were meant to face a real-world 
decision task rather than an abstract choice problem, as those used in lab experiments. 
Moreover, the task had to be controversial and complex enough to produce an 
adequate level of discussion and information exchange around the topic.  
o Acceptable task difficulty: task difficulty had to be compatible with the skills and 
background of the participants. 
o Measurability of the outcome: we looked for a task with a unique correct solution 
against which to compare the predictions made by each individual participant after the 
debate. 
As cases for discussion we selected two commodities (Crude Oil and Gold). Predicting the 
price of these goods is realistic and relevant for Economists and Business operators. Crude oil 
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and gold prices are affected by many variables; their forecast is notoriously a difficult task 
and requires an extensive analysis that could benefit by the collective exploration of a large 
and uncertain decision space. While the problem has a unique correct answer that can be 
ascertained ex-post, the prediction of prices of sensitive commodities is hard due to the many 
factors influencing market equilibrium and the complex relationships among them. 
As far as the alignment between task difficulty and participants’ skills, while the students 
were obviously not domain experts, their attendance of the Economics course provided them 
with some background on market equilibrium, good enough to produce at least an educated 
guess. Besides, because of their impact on the Economy, it is not difficult to find information 
about crude oil and gold prices in the news, experts’ analysis, and even through direct 
experience in everyday life. Additionally, information and readings were provided during the 
course for the specific case. 
Finally, the task satisfies the measurability criterion, because crude oil and gold prices historic 
trends are available for later comparison with the subjects’ forecasts. 
Students were divided in three groups to which crude oil and gold were respectively assigned; 
in particular, group A and B discussed on the future price of gold, while the group C was 
required to forecast the price of crude oil. All the subjects had to perform the same task: 
predicting the market price of a different commodity. The reason why we assigned two 
different commodities to the three groups was that two of the three groups, namely group B 
and C, were in a same class and we wanted to reduce information spill over and collaboration 
among students belonging to diverse groups.  
In principle this choice may affect the students’ performances and their outputs, but the two 
tasks can be considered similar enough in terms of nature and level of difficulty, also 
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considering that the students were not experts in either cases and were required to apply the 
same general model of market equilibrium presented in the class. Additionally, we provided 
students in each condition with reading materials and information that were similar in terms 
of sources, quantity and depth of analysis. Our empirical data show that the two tasks 
attracted similar level of participation, as measured by the numbers of posts (351, 269, and 
334 respectively for group A/Online forum, group B/Augmented CCSAV and group C/Plain 
CCSAV). 
In the follow-up questionnaire we asked students to highlight possible problems and 
difficulties both with the platforms and with the task, as well as to provide some suggestions 
and feedback, but we did not find differences in terms of perceived task difficulty related to 
the topic. Finally, we double-checked through historical data 
(http://www.gold.org/investment/interactive-gold-price-chart; http://www.oecd.org; 
http://www.nasdaq.com/markets/crude-oil.aspx) that in the considered period none of the two 
markets had showed any turbulence due to singular events such as external shocks or market 
hype that could have made the prediction harder in one case. 
We set up a two-week online asynchronous discussion in which the members of the 3 online 
groups were asked to discuss about the price trend of the assigned commodity in the short 
term using 3 different collaborative tools. The participants received information and reading 
materials two weeks before the start of the experiment and were instructed to use this time to 
familiarize with the problem and the domain, search for additional information, and prepare 
for the discussion. 
5.3 Online Collaborative platform 
Three different platforms were made available to the participants in the three online groups: 
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• An online collaborative forum. This was built ad hoc using a popular and free social 
media platform  (we used a Ning forum http://www.ning.com/) 
• A light version of Cohere (Buckingham Shum, 2008) argumentation tool 
• The Debate Dashboard  (Iandoli, Quinto, De Liddo & Buckingham Shum, 2014), for 
the socially augmented CCSAV platform; 
“Insert Figure #1” 
Cohere is a web-based asynchronous argument mapping tool whose purpose is to support on-
line argumentative debate (http://cohere.open.ac.uk/) (Buckingham Shum, 2008; De Liddo & 
Buckingham Shum, 2010). The platform is implemented on Linux, Apache HTTP server, My 
SQL database and PHP. Cohere is currently an Open University’s (OU) legacy project (started 
in 2006, the freely hosted application was discontinued in Nov 2014 and in now available 
through OU’s intranet only) and an open source software. With Cohere users can create posts 
to express their thoughts, and they can associate icons to them, in order to explain the 
rhetorical role of each post in the wider discussions (Fig. 1). Moreover, with Cohere users can 
explicitly connect posts and express the argumentative relationship between posts with a 
positive, neutral and negative semantic link. By structuring and representing online discourse 
as semantic network of posts, Cohere allows users to break the discourse down into an 
externalised and sharable artefact, the argument map, which enable users to better analyse and 
visualize the pro and con of each prediction and to better make sense of discourse contents.  
The Debate Dashboard is a socially augmented version of Cohere (for a detailed description 
see Iandoli, Quinto, De Liddo & Buckingham Shum, 2014) that uses Cohere’s argument 
mapping functionalities and integrates them with a number of additional widgets to improve 
visibility of users’ identity, online presence and contributions to the debate. For instance it is 
possible to visualize personal information including users profile, active presence on the site, 
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and contributions to the discussion. A social graph can be launched to show the connections 
between members, as determined by their interaction over the platform. Social tagging makes 
possible for users to emphasize keywords, which are then displayed through a navigable tag 
cloud that reflects the current popularity of keywords and topics. These and other 
visualizations have been designed to reduce the loss of social and conversational feedback 
and, consequently, to prevent the increase of grounding costs. Figure 2 shows a Debate 
Dashboard page, where users can access easily the visual feedback through different tabs, 
such as the social network visualization, find out which are the most used tags, who are the 
other members (People tab) and what they do in the discussion (Stat tab).  
In previous work (Iandoli, Quinto, De Liddo & Buckingham Shum, 2014) we describe more 
in detail how we identified the added functionalities through the analysis of the 
communication affordances identified in the Common Ground Theory (table 1). This 
description is out of the scope of this work and we refer the readers to our previous 
publication for more details.  
“Insert Figure #2” 
5.4 Procedures and data collection 
The test was carried out in three steps: i) preparatory work, ii) a two-week 
discussion/preparation, iii) follow-up questionnaire.  
Before the two weeks, all the students using the online argumentation tools had four 2-hours 
seminars about: a) Collective intelligence and online collaboration applications, b) 
Argumentation theory, with a focus on IBIS and argument-based tools, c) the Gold and Crude 
Oil Markets, d) an instructional demo of the online collaborative argument-based platforms. The 
students in the forum participated only to a) and c) and received instructions to register and 
access to the forum. All the students had access to a few reading materials and web links from 
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specialized sources, including financial and economic newspapers and magazines, blogs, 
governmental organizations websites, etc. The users of the argument mapping tools went 
through a warm up phase for one week during which they had the opportunity to familiarize 
with the platforms discussing on a different topic. 
A framing question and alternative answers were provided to the participants in each condition: 
what do you think will be the trend of gold/crude oil price in three months from now? The 
possible answers were: i) The price will tend to increase (+10% or higher), ii) The price will 
tend to decrease (-10% or lower), and iii) The price will be stable (+/-10%). 
The experiment was run in an asynchronous fashion for two reasons. First, we wanted our 
subjects to have enough time to explore and reflect on the issue; second, CCSAVs are typically 
used to support asynchronous discussions. 
5.5 Measures 
The performance variables are measured through a 24 questions survey aimed at evaluating 
three constructs at the individual level: Mutual understanding, Perceived quality of 
collaboration, and Perceived ease of use. As for the quality of individual decision we simply 
polled the subjects for an individual forecast and compared those forecasts with the actual data 
three months later. In particular: 
• Perceived Effectiveness of Collaboration was measured with a set of 8 questions 
identified by reviewing the literature on mediated collaboration (Daily-Jones, Monk & 
Watts, 1998; Sellen, 1995; Vandergriff, 2006). The 8 questions aimed at measuring the 
efficacy and quality of the collaboration process, the users’ satisfaction about the 
discussion and the interaction, as well as the users’ perception about the amount of 
knowledge sharing during the experiment. 
Page 22 of 47
John Wiley & Sons, Inc.
JASIST
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
 23
• Mutual Understanding was measured through 9 items defined on the basis of a literature 
review on the Grounding cost theory (Clark & Brennan, 1991) and on studies about 
common ground building in mediated conversations (Monk & Watts, 2000; Convertino 
et al., 2007; 2008; 2009). The questionnaire’s items assess the level of mutual 
understanding, the efficacy of social and conversational feedback in supporting mutual 
understanding, the redundancy and the irrelevance of created posts as proxy for the lack 
of mutual understanding (Whittaker, Terveen, Hill & Chemy, 1998).  
• Perceived ease of use was assessed through 6 items based on Davis’ Technologies 
Acceptance Model (1989), and its subsequent modifications and extensions (Daily- 
Jones, Monk & Watts, 1998; Vassileva & Sun, 2007; Venkatesh, 2000; Venkatesh & 
Davis, 2000).  
We assessed the constructs in terms of reliability and validity. As far as reliability is 
concerned, we obtained acceptable values of the Cronbach’s alpha for each construct 
(Table 2).   
“Insert Table #2” 
 
Table 3 shows the results of the discriminant validity. As the square root of the average 
variance extracted is much larger than the correlations of the construct with the all of the other 
constructs, it can be considered an acceptable criterion to pass the discriminant validity test 
(Fornell & Larcker, 1981). 
“Insert Table #3” 
As far as the variable Accuracy of Prediction is concerned, we carried out a poll at the end of 
online discussion in which all subjects were asked to answer to the following question: “what 
do you think will be the price trend of the commodity three months from now?”, selecting one 
Page 23 of 47
John Wiley & Sons, Inc.
JASIST
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
 24
of three mutually exclusive options (“the price will be 10% higher than today”, “the price will 
10% lower than today”, “the price will stay around the present value”). We then compared the 
individual forecasts with the actual market data to assess the accuracy of prediction. 
6. Results 
In order to compare the collaboration platforms, we performed statistical tests to verify 
whether the three groups differed significantly with respect to the observed variables.  
All the variables passed the normality test (Shapiro –Wilks, with p>0.05), thus we used one-
way Anova analysis to verify the following set of hypotheses (H0 being the null hypothesis, 
and Forum, DD and AMT standing, respectively for online Forum, Debate Dashboard, plain 
Argument Mapping Tool):  
Mutual Understanding:  H0: μMUForum=μMUDebateDashboard =μMUAMT 
 H1: μi ≠ μj  for some i and j 
Perceived Effectiveness of Collaboration:  H0: μPECForum=μPECDebateDashboard =μPECAMT  
   H2: μi ≠ μj  for some i and j 
Perceived Ease of Use:   H0: μPEUForum=μPEUDebateDashboard =μPEUAMT 
 H3: μi ≠ μj  for some i and j 
Before proceeding to the ANOVA test, we verified the violation of nonindependence 
statistical assumption. According to several studies on small groups’ research (Kenny and 
Judd, 1986; Kenny et al., 1998; Kenny et al., 2002), if the individual is used as the unit of 
analysis, the assumption of independent units is likely to be violated when the task requires 
intra-group interaction because the subjects may influence each other. A group effect occurs if 
the score of individuals within a group are more similar to one another than the scores of 
individuals in different groups; this leads to high likelihood of nonindependence of 
observations. In order to assess and estimate the degree of nonindependence, we computed 
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the intraclass correlation for each dependent variable (Kenny et al., 2002) and tested for 
statistical significance (table 4). 
“Insert Table #4” 
As in this case the F statistics are significant, it is possible to claim that there is 
nonindependence. In this case it is not possible to perform directly the ANOVA test as such 
because the p-values may be inflated. We therefore used Kenny et al. (1998) three-steps 
procedures in order to quantify the effect of nonindependence on the ANOVA p-values and 
perform ANOVA with adjusted p-values that take into account this inflation: i) a critical value 
for the F test with individual as units of analysis is determined for the available degrees of 
freedom; ii) such critical value is divided by a bias factor to produce an adjusted F; iii) the 
degrees of freedom for the adjusted F test are reduced on the basis of the type of independent 
variables and the size of the intraclass correlation. The adjusted F can be used to compute the 
effective alpha values for the ANOVA test.  Table 65 reports the results of this test, which 
clearly show that, due to the nonindependence, the p-values are grossly inflated. 
“Insert Table #5” 
Tables 6 and 7 show the results of the one-way ANOVA test that we performed to check 
whether the differences among the 3 groups in terms of MU, PEC and Perceived ease of use 
are still statistically significant under the adjusted p-values.  
“Insert Table #6” 
Therefore, after discounting for the inflation determined by nonindependence, there is still a 
statistically significant difference between groups as whole as determined by one-way 
ANOVA with respect to all three variables. 
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Table 8 reports the results of the post-hoc tests, namely the mean differences among all groups 
for each construct using the adjusted p-values reported in table 5.  
“Insert Table #7” 
The Tukey post-hoc test results (Bowker & Lieberman, 1959) show that there are significant 
differences in terms of mutual understanding, perceived quality of collaboration and 
perceived ease of use between the group that used the online forum and the group that used 
the plain AMT (respectively p=.000, p=.000, p=.0029). However, there are no significant 
differences between the groups that used the online forum and those that used the Debate 
Dashboard as well as between students that used the Debate Dashboard and those that used 
the plain AMT for each of the three independent variables. 
Though not all the differences are statistically significant, the Tukey post-hoc test confirmed 
that the group that used the plain argument mapping tool (AMT) obtained the lowest score 
with respect to each dependent variable (MU: 27.92 ±4.33, p=.000; PEC: 38.78 ±4.40, 
p=.000; PEU: 28.21 ±5.06, p=.0029), compared to the other users of the Debate Dashboard, 
who got an intermediate score (MU: 31.12 ±4.68; PEC: 42.08 ±4.02; PEU: 31.96 ±3.61), and 
those of the forum, who obtained the highest score (MU: 34.15 ±3.69; PEC: 45.09 ± 4.45; 
PEU: 33.38 ±7.19)]. 
According to these results the three technologies can be positioned along a continuum ranging 
from more conversational-centric tools (online forums) to representation-centric tool (pure 
CCSAV), along which collaborative metrics such as mutual understanding and perceived 
effectiveness of collaboration decrease (figures 3, 4 and 5). 
“Insert Figure #3” 
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“Insert Figure #4” 
“Insert Figure #5” 
We finally tested for the existence of a significant difference among the groups in terms of 
accuracy of individual predictions. Since this is a binary variable we used a non-parametric 
test (Friedman test).  A statistically significant difference between the groups as a whole (χ
2
(2) 
= 27.636, p = .000), was found. Figure 6 shows that the mean value of the accuracy of 
decision follows the same trend observed with the previous constructs, decreasing as one 
shifts from the forum toward collaborative mapping tools.   
“Insert Figure #6” 
7. Discussion 
The aim of this work was to assess whether and to which extent representation-centric 
interactions influence users’ collaborative experience and performance. More specifically we 
wanted to evaluate CCSAV platforms in terms of their ability to mediate interaction from a 
user-centric perspective. Our study offers a novel contribution to CCSAV literature in which 
the focus is on the impact of argument-based knowledge representation and visualization on 
group coordination. 
Overall, our findings suggest that more formal and representation-centric tools may be less 
supportive of effective interaction. In particular we show that the losses of mutual 
understanding, perceived effectiveness of collaboration, perceived ease of use as well as of 
accuracy of individual post-debate predictions increase progressively the more the platform is 
representation-centric. As the mean differences between the Debate Dashboard and the plain 
argumentation platform are not statistically significant after correcting for non independence, 
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it is unclear if adding social translucence to argument map-centric conversations can help to 
offset grounding costs.  
One interpretation of these findings is that argument mapping tools introduce some serious 
disruption in the ways people communicate: the lack of transparency and social visibility over 
other participants’ social presence, the difficulty of creating a common ground without asking 
for and providing feedbacks through the reply structure that is available in conversations, and 
the difficulty to learn and use a new formalism make users experience socially awkward and 
less rewarding than ordinary conversational interaction. 
A steep learning curve and increased grounding costs may both represent severe barriers for 
users, however only the former has received adequate and explicit attention in the literature, 
with several studies reporting about successful accounts of CCSAV applications thanks to the 
adoption of some mechanism to offset learning costs, such as extrinsic incentives and use of 
community moderators (Gurkan, Iandoli, Klein & Zollo, 2010), extensive training in the use 
of argumentation formalism (Twardy, 2004; Van Gelder, 2007), or strong internal 
cheerleading and organizational sponsorship (Conklin, 2006). 
Unfortunately our results are not conclusive to ascertain if the provision of additional socially 
salient meta-information through hybrid solutions as the Debate Dashboard could be the way 
to better manage the trade-off between participation and knowledge reification in 
representation centric platforms. However we think that this study offers a useful and novel 
theoretical perspective based on the analysis of the gap between conversation and object-
centric interaction that can provide some insights and guidelines for the design of better 
collaborative platforms. 
While the provision of social information can help users to be more aware of the social 
landscape in which they interact, what is currently missing in the Debate Dashboard is some 
mechanism to support the iterative and dynamic process through which participants can refine 
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and negotiate meaning to update their mutual knowledge, functioning as a substitute of the 
conversational reply structure. This limitation may contribute to explain why the Debate 
Dashboard was not powerful enough to outperform the online forum and the plain CCSAV in 
terms collaborative performances as we hoped. 
Our study has relevant implications for designers of collaborative platforms. A better trade off 
between participation and reification should be a desirable objective for developers and could 
be a useful design principle to deliver a satisfying compromise between the need to obtain 
reusable and more formal collective knowledge representations and the necessity to make 
interaction smooth and meaningful for the users. The reduction of grounding costs can 
improve users’ collaborative experience and help them to reap the benefits offered by CCSAV 
platforms in terms of knowledge organization, localization, visualization and re-use. 
Our study does not confirm the expectations of the superiority of CCSAV platforms over 
forums in improving individual forecasts. This result could be in part due to the fact that the 
students were not domain experts, nor they were trained to use the argumentation formalism. 
There is evidence from well-known studies in informal reasoning that human beings exhibit 
limited argumentation skills (Kuhn,1991) in everyday reasoning; additional evidence from 
CCSAV literature shows that when exposed to proper and extensive training users show 
significant improvements in their argumentation mapping skills, and experience a positive 
impact on some cognitive abilities such as critical thinking (Twardy, 2004). Due to the lack of 
adequate training the participants might not have been in the position to fully reap the benefits 
of argument-based knowledge representation, and the results in terms of decision outcomes 
could have been different with a more qualified population of users. 
8. Conclusions 
8.1 Contribution 
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In this paper we have presented an empirical study aiming at comparing different types of 
online collaborative platforms in terms of their ability to mediate collaboration effectively in a 
collective forecasting task. We have found evidence that the transition from conversational 
platforms (forums) to representation-centric tools (CCSAV) is characterized by a deterioration 
of the users’ collaborative experience in terms of mutual understanding, perception of the 
quality of the collaboration process, and of perceived ease of use. We have found also 
evidence about the impact of the different types of collaborative technology on users’ ability 
to make more accurate forecasts after participating to the online debate, with the forum 
surprisingly outperforming argument-based tools in this case.  
We also found that the users of the Hybrid CCSAV reported more limited deterioration of the 
collaborative performance compared to those using the plain argumentation platform, but the 
differences in the pairwise comparison among the tools were not significant after we 
discounted the nonindependence effect from the ANOVA results.  
While we are aware that the statistical power of our analysis is limited, we think that the 
investigated research question is very relevant, it is addressed in a novel way, and that we 
found some insights backed by reasonable, although non-conclusive evidence; finally, we 
propose a rigorous experimental design that could be replicated by other scholars with more 
groups and resources. 
8.2 Limitations and future work 
Our study suffers from the common limitations due to the involvement of academic students 
as subjects for our experiment. While the students had some background to address the 
problem and were in the position to make educated guesses, they were certainly not experts 
and it is not straightforward to generalize these results to more qualified users. While on one 
side it is obvious to expect that deeper domain knowledge and expertise should produce better 
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forecasts, the issue relevant to this paper is whether or not the availability of an external 
knowledge representation can help to improve collaboration and to some extent make better 
decisions, and if the effectiveness of this type of support depend on subjects’ level of expertise 
and proficiency in the specific task. For instance, representational guidance (Suthers, 2003) 
helps novices more than experts because the latter rely on internalized representations that 
they have built over years of field experience. This is an interesting research question that 
could be pursued in future studies. 
Another limitation of our experiment was the use of only one group for each condition. Kenny 
et al. (1998) show that if there is nonindependence then groups and not people should be used 
as unit of analysis. Consequently, we undertook several actions to maximize the statistical 
significance of our findings given the limited number of groups. First, we created the groups 
through block randomization to at least reduce some of the effects of group composition. 
Second, we tested for nonindependence and we used a conservative approach for the ANOVA 
test by assuming the adjusted p-values as reference for the test, as suggested by Kenny et al. 
(1998). Third, all the metrics we considered in our tests are post-experiment individual 
judgments provided by subjects through questionnaires that were filled between one and two 
weeks after the experiment; while this is not enough to entir ly discount the effects of intra-
group influence, it is reasonable to assume that introducing some time lag between the 
experience and its assessment by individuals should at least attenuate the effect of 
nonindependence. 
However, attempting to adjust for nonindependence is not an ideal solution. Instead of 
applying statistical correction after the fact, it would have been better either to recruit 
additional groups and consequently more participants, or to divide the recruited participants 
into smaller groups 
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Additional concerns related to the generalization of our findings arise from the circumstance 
that our results have been obtained with reference to a specific type of task (forecasting the 
price trend of a commodity). While this task is relevant and realistic, we cannot offer any 
evidence that the same outcomes would be obtained with other problems or with tasks of 
different nature (e.g. creative tasks).  
It would be interesting to replicate our study with different types of mapping platforms 
(concept mapping, causal mapping, etc.). Based on our findings and on the common ground 
theory we expect to observe the same types of problems also with other representation-centric 
tools. However, other types of representations, such as causal maps, could be closer to how 
individuals actually organize knowledge, as demonstrated by studies in cognitive science and 
discourse analysis, which show that causal representations are more effortlessly understood 
(Trabasso & Van De Broek, 1985), can be easily manipulated by individuals to index memory 
and explain reality (Shanck, 1995), and exploited to make decisions in practical situations 
(Pennington & Hastie, 1990). The investigation of the effects of different types of knowledge 
representations in online, distributed collaboration represents an unexplored and promising 
area of study that deserves more attention in our research community. 
Though we cannot offer conclusive evidence, in our experiment the social augmentation of an 
existing CCSAV through the inclusion of functionalities aimed at providing social and 
conversational feedback on the top of a representation-centric tool did not help to offset the 
grounding costs determined by the argumentation platform.  
One of the rationales for introducing social augmentation was to better balance participation 
and knowledge reification, as theorized in Wenger’s theory. Since we developed a minimum 
viable prototype for the empirical test, it is possible that better and more refined 
implementation of the social widgets could have helped to create a platform that is better able 
to support meaningful social participation. Unfortunately, we cannot offer data based on users’ 
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feedback or actual behavior to evaluate the quality of the implementation of the visual 
widgets, nor we have compared alternative design solutions. Future users’ evaluation studies 
are needed in order to inform and support better user interface. 
Besides, in order to contain development costs, we implemented only a limited subset of the 
conversational affordances suggested by Clark and Brennan and outlined in table 1.  
A second and maybe more important reason is that the type of social feedbacks that were 
delivered through the Debate Dashboard support more social awareness rather than 
participation; with social awareness we mean that participants become more knowledgeable 
of the social landscape in their community by receiving additional information about the 
social visibility of their own and others’ actions in the virtual environment. We speculate that 
increased awareness, while contributing to social translucence (Erickson & Kellogg, 2002), 
are not directly supportive of several other aspects that make social participation more intense 
and meaningful, such as engagement, social recognition, sense of membership, and social 
exchange. Further research is needed to better characterize participation in virtual 
communities and identify design solutions that are able to support these needs effectively. 
Finally, the improved performance of the forum in terms of collaborative support as measured 
through our metrics is probably an evidence of the fact that reification and participation are 
not appreciated as equally important by users: when confronted ith this trade-off apparently 
users enjoy more a platform supporting higher engagement and limited knowledge 
objectification capability than the opposite. If this preference is based on deep cognitive 
routines, the designers of online collaborative platforms should provide more effort to second 
these attitudes and carefully consider the trade off of getting rid of some of the key 
components of conversation-centric interaction. 
Overall, this study makes a point about the need to rigorously assess the impact of 
representation-centric collaborative platforms and take into appropriate consideration the 
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social loss that is implied by the disruption of more natural interaction styles based on 
conversations; further research is needed to validate this finding through larger scale studies 
and identify the design solutions that can help to mitigate or eliminate such a loss while 
preserving the ability of representation centric tools to generate semi-formal and reusable 
collective knowledge representations. 
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Table 1. Conversational affordances in mediated communication 
Affordances Clark et al.’s definition Adapted to web mediated conversation  
Audibility Participants hear other people 
and sound in the physical 
environment 
Participants hear other people and sound in 
the virtual environment 
Copresence Participants share the same 
physical environment 
Participants are mutually aware when they 
are synchronously sharing the virtual 
environment 
Cotemporality Participant B receives at roughly 
the same time the message as user 
A produces it 
Participant B receives at roughly the same 
time the online message as user A produces 
it in the virtual environment (in real time) 
Mobility Participants can move around a 
physical space 
People can communicate their position in 
the shared virtual environment 
Reviewability Participant B can review A’s 
message 
Messages do not fade over time but can be 
reviewed 
Revisability Each participant can revise his 
messages  
Message can be revised before being sent 
or edited afterward 
Simultaneity Participant can send and receive 
at once and simultaneously. 
Participants can send and receive messages 
at once and simultaneously 
Sequentiality Participant A’s and B’s turns 
cannot get out of sequence. 
Participants can use and see the reply 
structure 
Tangibility Participants can touch other 
people and objects in the physical 
environment 
NA 
Visibility Participants A and B are visible 
to each other 
Participants can see each other or at least 
some of the actions performed by other 
users in the shared virtual environment 
 
 
Table 2: Cronbach’s alpha 
Constructs Cronbach’s α 
Perceived Effectiveness of 
Collaboration 
0.72 
Mutual Understanding 0.75 
Perceived ease of use 0.85 
 
Table 3: Discriminant validity 
CONSTRUCT Sqrt AVE SIC 
Perceived Effectiveness of 
Collaboration 
0.81 0.53; 0.22; 0.58 
Mutual Understanding 0.91 0.53; 0.27; 0.79 
Perceived ease of use 0.88 0.79; 0.58; 0.21 
 
Table 4: The measurement of Nonindependence 
DEPENDENT 
VARIABLE 
INTERCLASS 
CORRELATION 
F statistic 
Perceived Effectiveness of 0.3627
* 
18.641 
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Collaboration 
Mutual Understanding 0.3699
* 
19.199 
Perceived ease of use 0.1396
* 
6.029 
*
Ftabulated=3.15 and p-value=0.05
 
 
Table 5: Adjusted  p-values for the ANOVA tests 
Dependent 
Variables 
adjusted F  
adjusted Degree of 
Freedom (df’) 
adjusted p-values  
MU 19.368 29.567 0.0000 
PEC 18.8054 30.6602 0.0000 
PEU 6.0923 91.6801 0.0032 
 
Table 6: Significant differences among groups as whole 
DEPENDENT 
VARIABLES 
F  P-VALUES 
Mutual 
Understanding (MU) 
19.199 0.0000
* 
Perceived Quality of 
Collaboration (PEC) 
18.641 0.0000
* 
Perceived ease of use 6.029 0.003
* 
*statistically significant with adjusted p-values (Table 5) 
 
Table 7: Anova test results 
Multiple Comparisons 
Dependent 
Variable 
Hypotheses (I) Grouping (J) Grouping Mean Difference 
(I-J) 
P-values 
MU 
H1 Online Forum 
DD 3,0271 0,0205 
Plain AMT 6,2303* 0,0000* 
H1a  Online Forum DD 3,0271 0,0205 
H1b DD Plain AMT 3,2033 0,0120 
PEC 
H2 Online Forum 
DD 3,0082 0,0261 
Plain AMT 6,3104* 0,0000* 
H2a Online Forum DD 3,0082 0,0261 
H2b DD Plain AMT 3,3022 0,0117 
PEU 
H3 Online Forum 
DD 1,4224 0,6046 
Plain AMT 4,5768* 0,0029* 
H3a Online Forum DD 1,4224 0,6046 
H3b DD Plain AMT 3,1544 0,0852 
*statistically significant with adjusted p-values (Table 5) 
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